Objectives: In March 2018, the Food and Drug Administration (FDA) announced its authorization of a direct-toconsumer (DTC) genetic test for three pathogenic BRCA1/2 variants. We sought to determine to whether social media discussion increased following the authorization, who was driving social media conversations, and what topics were discussed. Methods: Using Crimson Hexagon, we described tweets before, during, and after the FDA announcement authorizing 23andMe to return BRCA1/2 results (3/4/18-3/10/18). We conducted qualitative coding of a subset of 605 tweets to better understand Twitter communication. Results: We identified 11 055 twitter posts across the week of FDA's announcement. Twitter discourse about 23andMe and the FDA authorization peaked the day following the FDA's press release. Most tweets (48.6%) were informational and 26.3% were either expressing opinions (about 23andMe and/or FDA authorization, 14.9%) or testimonials (personal experiences with genetic testing, 11.4%). The types of tweets varied over the week-long period (P < .001). Discussion: Twitter discussion about the FDA's authorization of DTC for three pathogenic BRCA1/2 variants increased immediately following the announcement. As more genetic technologies are brought to the DTC market, social media sites, like Twitter, will play a role in disseminating this information, providing a platform for information exchange, consumer testimonials, opinion pieces, and research.
BACKGROUND AND SIGNIFICANCE
Despite a previous warning letter to 23andMe, Inc.
1 to stop the marketing of their product for the diagnosis of disease in 2013, 2 the Food and Drug Administration (FDA) authorized the first direct-toconsumer (DTC) test by 23andMe, Inc. for pathogenic BRCA1/2 variants in March 6, 2018. While there are over a thousand pathogenic variants associated with elevated risk of hereditary breast and ovarian cancer, this test provides results for three pathogenic variants that are most commonly found among those with Ashkenazi Jewish decent. 3 This FDA authorization marks the first time consumers can use DTC testing for pathogenic variants related to cancer risk in the United States without a doctor's order. While public uptake of DTC genetic testing has increased over time, 4 understanding of these tests remains low; in 2014, only 38%
of people in the United States were aware of DTC testing. 5 Recent studies show that people learn about potential harms and benefits of health applications, such as DTC testing, from social media and the internet. 6 Events in the news, such as the FDA announcement or a celebrity health disclosure, may increase awareness about health applications. 
OBJECTIVES
Thus, the objectives of this study were to learn more about (1) who engaged in social media discourse via Twitter surrounding the FDA announcement about 23andMe, (2) whether discussions of this testing increased over the period, and (3) what topics were discussed.
MATERIALS AND METHODS

Data source
We used the social media analysis tool Crimson Hexagon (Boston, MA, USA), 7, 8 to examine public engagement in Twitter discussions about 23andMe spanning before, during, and after the FDA's announcement of its authorization for the company to offer select BRCA1/2 test results (3/4/2018-3/10/2018). Our search criteria included related hashtags (#FDA AND (#BRCA OR #BRCA1 OR #BRCA2)). We also included keywords: "23&me" OR "23 & me" OR "23andme" OR "23 and me." The selection of hashtags and keywords was based on relevancy to our topic of focus. Generalizable terms such as "cancer" or "variant" were excluded to better ensure tweets would be directly related to the FDA's announcement.
Measures and analyses
Outcomes of interest included the number of tweets overtime and the top influencers (i.e., users who drive conversations around topics and have high post engagement rates, such as retweets) who engaged in discourse about BRCA1/2 and the FDA announcement. To obtain data on the content of tweets, we conducted qualitative coding for a random subset of tweets (n ¼ 605) until we reached saturation of themes. Two authors double-coded 10% of the qualitative subset using a preidentified set of codes, compared coding, adjusted the codebook, and then independently coded remaining tweets after consistency of coding was reached. The final codebook included codes for whether the tweet was informational, a testimonial (i.e., personal story about using 23andMe), an opinion piece (i.e., opinions about 23andMe, excluding testimonials), research-related, other, or "colloquial" (i.e., 23andMe used in everyday lexicon). We also coded the sentiment of testimonials and opinion pieces as positive (i.e., only discussed the benefits of 23andme), negative (i.e., primarily discussed drawbacks of 23andme), or neutral (i.e., discussed both benefits and drawback or provided neutral information). We also sought to identify inaccurate information (among tweets coded as "informational") about 23andMe and the FDA decision, but did not identify inaccurate information in our subset. We compared how the "type of tweet" varied before-, during-, and after-the FDA announcement using chi-square tests. Similarly, we examined sentiment of testimonials and opinion pieces by time of tweet.
RESULTS
We identified 11 055 tweets about 23andMe across the week of FDA's announcement. Twitter discourse about 23andMe and the FDA authorization peaked the day following their press release (7 March 2018; n ¼ 3, 762) ( Figure 1 ). The most influential Twitter accounts included large media outlets such as @CNN and @WSJ (Table 1) . The majority (67.8%, n ¼ 5549) of discourse occurred in the United States, with the United Kingdom, and Canada comprising 6.1% and 3.4% of tweets, respectively (108 countries represented).
Most tweets (48.6%) were informational and 26.3% expressed opinions (about 23andMe and/or FDA authorization) or contained testimonials (personal experiences with genetic testing, 11.4%) ( Table 2 ).
The types of tweets varied over the period (P < 0.001); for example, 74.7% of tweets were informational on the day of the FDA announcement, versus 10.1% before and 58.3% following the announcement (Table 2 ). Among tweets expressing opinions or testimonials, 43.4% of tweets had a negative tone, 20.1% were positive, and the remaining were neutral. This sentiment (negative, positive, and neural) did not change across the time periods before, on the day of, or after the FDA announcement (P ¼ .46). Tweets relaying opinions about 23andMe and the FDA announcement tended to be more negative than testimonials (78.3% vs 21.7%). Finally, we found 14.5% of tweets used 23andMe in everyday language, often as commentary about the ancestry, race, or ethnicity of an individual, group or oneself.
DISCUSSION
Online discussion about 23andMe increased after the FDA's authorization for the company to return BRCA1/2 results for three specific pathogenic variants. Most of these tweets were informational in nature and were retweeted from news outlets. These tweets were neutral and informed the Twitter community about the FDA authorization (often referencing the FDA's press release) and included discussion of the benefits and limitations of the authorized test. These findings align with other social media studies in which the majority of tweets about antimicrobial resistance were informational in nature, 9 prominently from news sources. 10 In contrast, a study about other health topics (elbow surgery, hereditary cancer) found that individual users from the general public 11 and patient advocates and advocacy groups led discourse, 12 demonstrating variation in how social media discourse rolls out by health topic. During our qualitative coding, we did not identify informational tweets that provided inaccurate information, suggesting that messaging by the FDA was largely adopted and shared via news outlets during the initial announcement of the authorization. Future studies should continue to monitor the accuracy of shared information over time and take a closer look at the accuracy of opinion pieces as well as user comprehension. In the case of the FDA authorization, tweets often provided additional information about potential harms of DTC genetic testing.
Tweets that shared opinions typically sought to inform the public regarding the potential harms of DTC testing. The most commonly referenced concern was that consumers may falsely assume that a negative 23andMe test result is definitive. Many of these tweets also discussed the need for consumers to consult with providers about their DTC genetic testing results, which aligns with recommendations by the American College of Medical Geneticists 13 and public preferences.
14 This suggests that with increasing demand for DTC testing, demand for genetic services follow-up may follow suit, and a continuing need to address the complex ethical, legal, and social implications of DTC testing. Testimonials were mostly positive in nature, often describing positive experiences with DTC testing or explaining why the new authorization may provide useful information for others. Interestingly, we did not find tweets during this period related to research; that is, no tweets provided data related to BRCA1/2 testing, FDA authorizations or 23andMe. This finding may be due to the larger reach of news organizations relative to that of individual researchers. Moving forward, researchers and practitioners should consider partnering with news organizations to engage in social media discourse related to research findings about DTC testing. Through this partnership researchers and practitioners can engage the public in discussion about how DTC testing may impact health beliefs, behaviors, and outcomes. 8 This will be increasingly important in this era of precision medicine and DTC genetic testing. While this study provides the first snapshot of social media discourse around the FDA authorization of BRCA1/2 testing through 23andMe, it is not without limitations. First, while we sought to use comprehensive and broad search terminology, relevant tweets may have been excluded or misclassified during qualitative coding. Future research should examine not only how information about the FDA authorization was disseminated on Twitter, but also how information sharing impacts knowledge, beliefs, and behaviors.
In conclusion, we see that information about the FDA's authorization of DTC for three pathogenic BRCA1/2 variants greatly increased discussion of DTC genetic testing. As more genetic technologies are brought to the DTC market, social media sites, such as Twitter, and news outlets will play an important role in disseminating this information, providing a platform for information exchange, consumer testimonials, opinion pieces, and research.
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